Page 1 of 1

AFRL-OSR-VA-TR-2013-0542

SPACEBUOY A UNIVERSITY NANOSAT SPACE WEATHER MISSION
(11

DAVID KLUMPAR
MONTANA STATE UNIVERSITY

10/11/2013
Final Report

“ DISTRIBUTION A: Distribution approved for public release.

AIR FORCE RESEARCH LABORATORY
AF OFFICE OF SCIENTIFIC RESEARCH (AFOSR)/RSE
ARLINGTON, VIRGINIA 22203
AIR FORCE MATERIEL COMMAND

https://livelink.ebs.afrl.af. mil/livelink/llisapi.dll 10/16/2013



REPORT DOCUMENTATION PAGE OMa N Dron o188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01/10/2013 Final Performance Report 4/15/2011 - 4/14/2013
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
SPACEBUQOY A UNIVERSITY NANOSAT SPACE WEATHER
MISSION m 5b. GRANT NUMBER

( ) FA9550-11-1-0045

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

David Klumpar
5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT

Montana State University NUMBER
307 Montana Hall
Bozeman MT 59715

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
Air Force Office of Scientific Research AFOSR
Suite 325, Room 3112

11. SPONSOR/MONITOR'S REPORT
875 Randolph Street NUMBER(S)

Arlington, VA 22203-1768

12. DISTRIBUTION / AVAILABILITY STATEMENT
Distribution A - Public Release

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The SpaceBuoy mission will demonstrate the utility of low-cost nanosatellites to provide focused
observations to supplement ionospheric forecasting models; specifically the operational Global
Assimilation of lonospheric Measurements (GAIM) model currently used by the Air Force Weather Agency
(AFWA). Data will be collected, processed and made available to end users in units standard to the
forecasting community.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES David Klumpar
a. REPORT b. ABSTRACT c. THIS PAGE uu 11 19b. TELEPHONE NUMBER (include area
code)
U U U 406-994-6169

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18



Montana State University
Air Force Research Laboratory

SRI International

Montana State University

S g University Nanosat-7
International FCR Presentation
A SS

. January 10, 2013 E‘y
/‘\ Albuquerque, NM
BCT Rtk

Blue Canyon Technologies




Space Science and Engineering Laboratory Sl '
SpaceBuoy | A
\\ Air T .\-m F o

Mission Overview

Mission Statement

The SpaceBuoy mission will demonstrate the utility of low-cost
nanosatellites to provide focused observations to supplement ionospheric
forecasting models; specifically the operational Global Assimilation of
lonospheric Measurements (GAIM) model currently used by the Air Force
Weather Agency (AFWA). Data will be collected, processed and made
available to end users in units standard to the forecasting community.

Mission Objectives

Provide critical space weather data for use in ionospheric forecasting
efforts, particularly assimilated data used in the GAIM model, utilizing a
low-cost satellite infrastructure

Student education
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SRI International Cubesat “Tiny” lonospheric
Photometer System (CTIP) payload

— Designed specifically to conform to a Cubesat form
factor
— Science data collection: UV photometer detects

nighttime F-region ionosphere, 135.6 nm photons
emitted from the recombination of atomic oxygen ions

On-board attitude control
— Blue Canyon XACT system
— Real-time stability and orientation correction
— Stabilization performed using 3-axis reaction wheels

Utilizes standard 3U Cubesat bus

— Modified solid 3U Cubesat structure

— Custom solar panels and interface hardware
Custom payload and ADCS interfaces

— Multi-Function Interface Board (MFIB) designed and
assembled by SSEL

— MFIB provides power and data interfaces to both XACT

and CTIP
i IF-"-.;“’E[ i — 2GB NAND flash data buffer for high-speed access to
=5 JT—' z il science data for downlink
. o |
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Military Relevance

Military Needs:

 The United State Department of Defense has identified the prediction, understanding,
and characterization of the ionosphere as the most pressing issue in space weather
due to the inability to predict outages of radio communication due to ionospheric
disturbances!

 AFWA is currently using the GAIM Model, and plan on continuing use of this model
— Assimilative model, so any/all data is useful whether it is real time data or not

A knowledge of expected or predicted radio outages gives the war fighter a tactical
advantage

* Afleet of inexpensive platforms will provide the data coverage needed for a reliable
model

Need for Spaceflight:

 TEC measurements from space allow for the measure of tomography with greater
global coverage and spatial resolution than can be achieved with ground
measurements.

* High Resolution electron density measurements are required at the location of interest

* Direct electron density and derived TEC measurements are two necessary parameters

for assimilative ionospheric space weather models. 4

INSWP Doc#: FCM-R24-2006



SpaceBuoy Operations

Mission Phase

Actions

Launch &
Boot-up

Commissioning

Detumble &
Payload Standby

Normal
Science
Operations

End of Life

Launch and Ejection from P-POD
Enable EPS, CD&H, COMM Receiver
Sample & Store S/C Housekeeping
(high rate)

Await Ground Acquisition

Verify Command Capability from Ground
Transmit Stored S/C Housekeeping Data
Command Payload to Preheat

Record Payload Health (low rate)

Sample & Store Priority ADCS Data
(high rate)

Initiate ADCS Detumble Mode

Verify ADCS has Nulled Rates
Command Payload to Open Light Shield

Verify Payload Cueing Table Upload
Commence Payload Science Operations
Sample & Store All S/C Housekeeping
(low rate)

Command ADCS to Maximum Drag Mode
Continue ADCS data collection

Enable COMM to Transmit Beacon Packets
(delayed for POD ejection)

S/C ldentifier Information

System and Subsystem Health

30 sec Cadence

Exercise Manual Control of ADCS system
Command Magnetorquers
Validate Attitude & Rate Responses

Command Payload for Dark

(closed shutter)

Verify ADCS has stabilized to 2 RPM
spin rate

Time stamp and Downlink S/C &
Payload Data

Refine Data Collection Sequence
(if needed)

Disable COMM Transmitter (if needed)
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Payload Subsystem

* Cubesat “Tiny” lonospheric Photometer System 31y 1| P,
(CTIP) payload

 Measures lonospheric Density through oxygen
recombination in the nighttime F-region
ionosphere

— O++e-->0+hv135.6 nm AfRIaE O* H*

— Specifically measures 135.6 nm photons
emitted from recombination

e Science Flow: S R L EEEE PP TP, VR e
max
|———————
| SpaceBuoy :
! CTIP I 5
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( UV Measurement Pointing ~GPS : R F2 Layer
[ 135.6 nm Knowledge Position & Time | o
l | = ;
[ | = F Region
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l |
I CDH | F1 Layer
l |
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. ) GAIM .
»| Archive Model [ Forecasting
Ground X 3 Density: 104 105 106
Station <2.75 hours Electrons/cm?
»> Data Processing 6
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Payload Subsystem

* UV photometer measures 135.6nm atomic

BaF
oxygen nightglow in F2 region of ionosphere ites

l UV Light Shutter Filter

Photomultiplier

— Long wavelength cutoff: 180 nm il
(MgF2 Filter) Mirror SrF2 e
Filter at
— Short wavelength cutoff: 132nm 100° C o=
(SrF2 filter) ] MgF> Csl

Window Target

* SrF2 filter for short wavelength cutoff 10.VF.00CPK-027
temperature maintained at 100°C +/-1°

* Tracks “red leak” and dark current for
photometric correction purposes

* Deployable light shield
* RS-422 data interface
* Requires 5+/-0.2 V regulated supply

e QOverall volume of 95 x 95 x 97 mm
41

Temp Controller




EPS

Prototype Board

EDU Board

COM

Prototype Board
EDU Board

CDH

EDU Board |
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MFIB

Breadboard Circuits

Prototype Board]
EDU Board }

ADCS

EDU Board
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K-12 Qutreach

* |nvolved with Montana Space Grant Consortium

— Summer internship programs (3-5 students from other Montana colleges
each summer)

e Public school outreach through Space Public Outreach Team
(SPOT)

— Reaches 9,000+ Montana K-12 students each year
* Involvement with and outreach to other Montana colleges

— Montana College of Technology: Machining Facilities

e Recruitment of students into SSEL from variety of academic
departments (EE, ME, Physics, CS, Computer Eng, Industrial and
Management Engineering)

* Public website:
* Career orientation for high school students

10



Subsystem

Post FCR Timeline

Qtr 2 2013

Qtr 3 2013

Qtr 4 2013

Qtr1 2014

Reg, N o0%
B non VP
Seanch
S

Qtr 2 2014

Finish EDU
Functional Tests

Final Structure
Design

Final Drawing
Package

Flight Structure
Modifications

EDU Performance
Testing

Populate Flight
Subsystems

Flight Performance
Testing

Pre-Delivery
Review

Environmental
Testing and
Qualification
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